Abstract: Ankle arthrodesis has been widely reported as an effective solution in treating tibiotalar joint osteoarthritis. The arthroscopic tibiotalar approach for arthrodesis has also been proven to give excellent results in terms of bone fusion rates and reduction of wound-related pain and complications. Historically, ankle malalignment has represented one of the main contraindications for the arthroscopic procedure, but interestingly some investigators have shown that the coronal joint deformity may be addressed arthroscopically as well. Other investigators have also demonstrated that part of the valgus/ varus is due to malrotation of the talus within the mortise; therefore, controlling the talar position becomes crucial for correcting more severe deformities. We present here a technique for correcting tibiotalar malalignment during arthroscopic arthrodesis in varus or valgus ankles, performed through a K-wire used as a joystick to manage the talar position on both the coronal and axial planes. Classically, the presence of valgus or varus malalignment (over 10 -15 ) has been considered a formal contraindication for the arthroscopic procedure. 3, 4 However, some studies have reported good results after AAA performed in patients with a significant preoperative coronal tibiotalar deformity, suggesting that it should only be considered as a relative contraindication for arthroscopic fusion. 5, 6 Looking at the current literature, there is a wide consensus about the importance of achieving a good alignment of the hindfoot and an adequate talar rotation as key elements for the long-term success of fusion.
Classically, the presence of valgus or varus malalignment (over 10 -15 ) has been considered a formal contraindication for the arthroscopic procedure. 3, 4 However, some studies have reported good results after AAA performed in patients with a significant preoperative coronal tibiotalar deformity, suggesting that it should only be considered as a relative contraindication for arthroscopic fusion. 5, 6 Looking at the current literature, there is a wide consensus about the importance of achieving a good alignment of the hindfoot and an adequate talar rotation as key elements for the long-term success of fusion. 7 To the best of our knowledge, no specific techniques have been described to address coronal and axial deformities of the ankle during AAA. 5, 6 Our goal is to report a technical tip for the intraoperative management of the tibiotalar coronal alignment during AAA, using a 3-mm K-wire as a joystick for driving the talus (joystick of the talus [JOT] ). The objective of the JOT technique is to control the talar tilt (coronal plane) as well as rotation (axial plane) in order to obtain full intra-articular reduction of the talus inside the ankle mortise. This technique can be used in patients diagnosed with a primary or secondary varus or valgus correctable tibiotalar arthritis, complaining of ankle pain exacerbated by weight bearing and walking on uneven ground, and presenting (not systematically) with swelling and stiffness of the tibiotalar joint at physical examination. Weight-bearing cone beam computed tomography (PedCat, CurveBeam, Warrington, PA) is systematically performed to confirm diagnosis and to characterize the stage of arthritis and the 3-dimensional deformity of the ankle joint. We consider a rigid deformity (defined as lack of correction under stress) to be a contraindication for this technique. As for other kinds of AAA, this procedure is also contraindicated in case of important bone defects, active infection, and revision of previous nonunion or arthroplasty requiring autologous grafting.
Surgical Technique Patient Positioning
The patient is placed in the supine position on the operating table under general or locoregional anesthesia (Fig 1) . A well-padded high-thigh 300-mmHg tourniquet is inflated, and the knee is slightly flexed (around 20
) by applying a support under the popliteal cavus (Video 1).
Arthroscopic Technique
The skin projection of the joint line is found out by repetitive flexion-extension movements of the ankle. Skin landmarks are identified such as the medial malleolus, the tibialis anterior tendon, the extensor digitorum longus tendon (EDL), and the lateral malleolus (Fig 1) . At this level, a needle is placed medially to the tibialis anterior tendon, and 5 to 10 mL of 0.9% saline solution is injected to verify the needle position as the elastic refilling of the syringe corresponds to the passive capsular retensioning, confirming the correct needle position. If possible, the superficial peroneal nerve should also be marked on the skin and avoided. The portals should be positioned slightly distally to this joint line to take into account the curvature of talus and to avoid being ill exposed for freshening the anterior part of the tibial plafond. Arthroscopic arthrodesis of a right ankle in a patient with severe post-traumatic varus tibiotalar arthritis. The patient is placed in the dorsal position. The image shows some phases of the joystick of the talus technique. In the upper inset (A), the pin is progressed through the talus into the opposing cortex, taking care not to pierce through and behind the medial malleolus to preserve the posterior tibial neurovascular bundle. In the main image (B), the reduction maneuvre is performed through a combined solid derotation of the talus along with a correction of the coronal plane using the K-wire in the left hand, while at the same time pushing under the sole of the foot with the abdomen to ensure plantigrade position. The right hand serves to follow arthroscopically the pin insertion (as shown in the lower inset) (C).
e518 Fig 3 . Arthroscopic arthrodesis of a right ankle in a patient with severe post-traumatic varus tibiotalar arthritis. The patient is placed in the dorsal position. After a careful freshening of the articular surfaces, the fibular intra-articular resection (FIRE) facilitates the ascension of the talus under the tibia. To perform the joystick of the talus technique, a 3-mm K-wire is introduced in the talus through the lateral portal under optical control from the medial portal and scopically checked (A). After derotation of the talus within the mortise and keeping the foot in neutral dorsiflexion, 5 of valgus and 10 of external rotation, 2 K-wires are introduced in parallel (or almost parallel) configuration on the medial distal aspect of the tibia. Their direction is from medial to lateral, proximal to distal, and posterior to anterior (B). Two cannulated compression percutaneous screws (AutoFix 6.5-mm compression screws) are used to fix the arthrodesis, taking care to completely insert the distal threads into the talus (C).
A 5-mm incision corresponding to the anteromedial portal (AMP) is placed where the needle was, blunt dissection is performed, and the arthroscopic cannula introduced. The introducer is then removed, and a 4.0-mm 30 arthroscope (Dyonics, Smith and Nephew, Andover, MA) is positioned (hydraulic pump at 50 mmHg pressure). By means of transillumination (outside-in technique) the anterolateral portal (ALP) is placed though a 5-mm incision somewhere medial to the lateral malleolus and lateral to the EDL. A careful synovectomy and debridement of the anterior fibrous scar tissue are performed using a synovial resector (Dyonics), and then the inside of the joint is well visualized and examined (Video 1).
Thereafter, a 4-mm burr is inserted to freshen the joint surfaces of the tibia and the talus, including the gutters, moving from anterior to posterior and vice versa. When progression in the posterior joint is difficult, it is likely that some anterior osteophytes had been missed, their excision being required to carry out the procedure correctly. A curved curette or a microfracture tool can be used to better expose the subchondral bone. Once articular surfaces look completely freshened, exchanging instruments in portals may be useful to freshen zones not accessible with the burr in the ALP. A fibular intra-articular resection is then performed, according to the previously described technique. 8, 9 At the end of the procedure, the tourniquet is deflated to appreciate a consistent trabecular bone bleeding and to rule out any major vascular injuries. Bone grafting is never used. Skin portals are sutured.
Talar Realignment Using the Joystick of the Talus Technique (JOT)
A 3-mm K-wire is introduced in the talus through the ALP under optical control from the AMP (Fig 2) . In case of varus deformity and internal rotation of the talus, the pin is introduced as anteriorly as possible on the lateral aspect of the talar neck. Its position in the coronal plane is parallel to the talar dome or aiming proximal to obtain maximum reduction power. In patients with valgus deformity and the talus externally rotated, the pin is positioned as far posteriorly as possible considering the limitation due to the fibula. In the coronal plane, the K-wire should be positioned parallel to the talar dome or aiming plantarly. The pin is progressed through the talus, taking care not to violate the posteromedial cortex of the talus, avoiding injury of the posterior tibial neurovascular bundle (Fig 3) . For a right-handed operator, the reduction maneuvre is represented by a derotation of the talus along with a correction of the coronal plane using the K-wire in the left hand, while at the same time pushing under the sole of the foot with the abdomen to ensure plantigrade position (Fig 2) . The right hand serves to insert the guide pins during fixation. It is of paramount importance to feel the derotation of the talus within the mortise as this gesture enables the most powerful correction.
Fixation of the Arthrodesis
Keeping the foot in neutral dorsiflexion, 5 of valgus and 10 of external rotation, 2 K-wires are introduced in parallel (or almost parallel) configuration on the medial distal aspect of the tibia (the second wire entry point placed 1 cm proximal and 0 to 1 cm anterior to the first). Their orientation is from medial to lateral, proximal to distal, and posterior to anterior (Fig 3) . The reduction of the deformity must be checked preoperatively, and the patient must be aware of a possible conversion to open surgery. It is paramount to feel the derotation of the talus within the mortise. Joining a fibular resection and JOT technique enables the most powerful correction of the preoperative deformity. Pitfalls Due to the subtalar joint curvature, a curette must be used to complete debridement. There is risk of lesion of the posterior tibial neurovascular bundle when placing the 3-mm pin for performing JOT; caution and scopic control are recommended.
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If an aide is available, the pins may be preintroduced only in the tibia, checking their orientation under fluoroscopy. In this scenario, both of the surgeon's hands can be available for the reduction maneuver, and the assistant can progress the prepositioned wires, fixing the talus in place once reduction has been obtained. Two cannulated interfragmental compression percutaneous screws (AutoFix 6.5-mm compression screws, Stryker, Mahwah, NJ) are used to fix the arthrodesis, taking care to completely insert the distal threads into the talus (Video 1). Every step is performed and checked under fluoroscopy. Skin portals are then closed.
Postoperative Protocol
Patient is immobilized in a non-weight-bearing 3-week cast, and walking is allowed using crutches. The patient is discharged the day after surgery. After 3 weeks, a progressive weight-bearing protocol is allowed, initially in a swimming pool. Full weight bearing is allowed after this period, and a weightbearing cone beam computed tomography assessment is performed to verify the quality of bone healing and the weight-bearing alignment. Full activity recovery generally occurs between 3 and 6 months.
Discussion
AAA has been widely proven as an efficient way to treat ankle arthritis, providing lasting results even at long-term follow-up, 2, 10 but the presence of a hindfoot malalignment has commonly represented one of the limitations to the arthroscopy. 3, 4 The JOT technique performed during AAA addresses this issue, obtaining a correct alignment of the hindfoot and a full intra-articular contact also in valgus and varus ankles deformities, while retaining the advantages of an arthroscopic procedure (Tables 1-3) .
As mentioned, some investigators have tried to go over the classical concept of joint malalignment as a contraindication for arthroscopy. 5, 6 Winson et al. 5 and Dannawi et al., 6 when describing arthroscopic fusions in malaligned ankles, have generically indicated an external controlled pressure applied to the plantar surface before and during fixation for obtaining a good foot position. However, so far, no one has specifically focused attention on the way to reach a satisfying reduction of the coronal deformity of the tibiotalar joint. As described in other studies, a force applied under the foot and directed upward may certainly help in compressing the talus and the tibia, this being necessarily performed in all arthroscopic fusion procedures. 2 Conversely, the mechanical transmission of a rotational force (against the coronal deformity) applied under the foot upward might be obstructed by the presence of soft tissues and the subtalar joint motion, resulting in insufficient capacity to properly control the talar overall alignment. Furthermore, the rotation of the talus has been proven crucial in ankle fusion as a persistent talar tilt might promote hindfoot destabilization and the development of peritalar instability. 7 Interestingly, the JOT application allows the direct rotation of the talar bone, giving direct control of a correct positioning of the hindfoot. As per the technique described above, particular care must be taken in determining the K-wire lateral bone entry point as a mistake at this stage may decrease the mechanical efficacy of the maneuver for correcting the deformity. Furthermore, when positioning the K-wire, the risk of damage to the tibialis posterior neurovascular bundle on the opposite side of the talus must be always considered. However, a controlled progression under image intensifier may represent the safest way to implant this "joystick" without complications. Obviously, this technique shares the same absolute contraindications as AAA, such as important bone defects requiring grafting and active infections. Beyond these contraindications, its only specific limit is represented by an excessive stiffness of soft tissues, making impossible any reduction. For this reason, the presence of a correctible deformity must be checked prior to the operation, through a combination of clinical examination prior to and under general anesthesia, stress radiographs, and/or intraoperative fluoroscopy. Furthermore, the patient presenting a with coronal ankle malalignment and who is candidate for the arthroscopic procedure should be made aware that the fusion will be carried out arthroscopically unless the deformity appears uncorrectable, in which case a conversion to open surgery will be required.
In conclusion, the JOT technique during AAA might usefully contribute to obtaining a physiological tibiotalar realignment in malaligned correctible ankle arthritis. This probably represents a stepping stone on the path to a further diffusion of the arthroscopic technique and to reducing complications related to the open surgery even in severe but flexible varus or valgus end-stage arthritis.
